The arrangement of plants in paired spacing is one of the management practices being used in some crops resulting in increased yield. Aiming to evaluate the arrangements and plant density on agronomic characteristics, yield components and yield of two wheat cultivars, one experiment was carried out on a Haplic Cambisol Tb typical dystrophic soil, with two cultivars, in the city of Ponta Grossa, PR,. The design experimental was randomized blocks in a factorial design 2×4, with four replications. The treatments consisted of two plant arrangements (single and paired spacing) and four plant densities (45, 60, 75 and 90 plants m -1 ), applied in two wheat cultivars (Marfim and BRS-Tangara). At Paired spacing the number of spikes per square meter and yield were lower than single spacing, even with higher grain weight in both wheat cultivars. The paired spacing did not result in increased yield for both wheat cultivars.
INTRODUCTION
There is a growing demand for wheat derivatives in Brazil, such as bread, cereals and biscuits, although most of the wheat is imported leading to the necessity of the country to move from the importer scenario and become self-sufficient (Smanhotto et al., 2006) . In Brazil around 47 million hectares are devoted to agriculture, of which around 4% is used for the wheat fields, insufficient area to meet domestic demand, which explains why half of domestic grain consumption is imported (Sober, 2010) .
The reduced of plant area has lead to the need of maximizing the yield, encouraging the usage of intensive management, which includes an adoption of practices such as sowing at the recommended time, fertilizer rate and appropriate application timing for diseases and pests control, decreased plant lodging, arrangement and plant density .
Plant arrangement can be modified by varying plant density, spacing between rows and between plants within the row, changing the growing area available for each plant, which is reflected in an intraspecific differentiated competition by nutrients, sunlight and water (Rambo et al., 2003) .
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The interception of solar radiation photosynthetically has a major influence on crop yield when other environmental factors are favorable (Brachtvogel et al., 2009) . One way to increase the radiation interception, and consequently, grain yield is through proper plant arrangement.
Paired spacing is a modification in the conventional plant arrangement where every three rows planted, one is left empty; as a result, we have 33% reduction in the number of rows. This modification can improve plants' water usage due to lower interspecific competition and consequently greater water supply during critical periods. It also allows greater solar radiation penetration inside the canopy, increased air flow and also improves pesticide application quality, especially fungicides (Weiner et al. 2001) .
It was observed on barley that paired spacing causes a reduction in plant height, increasing yield and grain weight , although wheat response and viability has not been studied with the use of this plant arrangement. Paired spacing studies for crops such as cotton, sorghum and maize are found in the literature, being necessary to study the effect of this arrangement in different populations on agronomic characteristics and wheat yield.
For wheat there is an optimal plant density set by the research, even with the capability of sprouting and adjusting the number of pods according to the density. However, in paired spacing there is no recommendation on density increasing or reduction, but due to the fact of this spacing the number of seeds per area is reduced making it necessary to verify the need for seed density adjustment on the line when adopted.
Thus, this study aims to determine if the plant arrangement in paired rows affects the yield of wheat cultivars and verify if there is a proper combination of plant arrangements and different density in wheat yield.
MATERIALS AND METHODS
The experiment was carried out in 2012 on a Haplic Cambisol Tb typical dystrophic soil (Embrapa, 2006) in Campos Gerais region, Ponta Grossa, Parana State, Brazil. The experimental design was randomized blocks in a factorial scheme (2 × 4) with four replications. Treatments in the experiment consisted of simple spacing (0.17 m between rows) and paired (every three rows spaced 0.17 m one was not sown, resulting in a 0.34 m spacing to the next double row), plant populations of 45, 60, 75 and 90 plants by meter row. The cultivars used were Marfim and BRS-Tangara. The plots were 5.0 m long by 3.0 m wide and floor area of 4.0 × 2.0 m.
All rows were planted in single rows with plant density of 90 viable seeds per row meter. At 17 days after sowing thinning was done in order for each plot be with a specific number of plants (45, 60, 75 and 90 plants.m -1 ) and with proper spacing (single or paired). In paired spacing was thinned the whole row.
Wheat was grown at no tillage system with soybean as the previous crop. The sowing was done on July 6 th 2012 and plant emergence occurred on July 16 th of the same year. As fertilization 300 kg ha -1 of N:P:K 14:34:00 was carried out at the sowing time. At the beginning of the tilling stage, 90 kg ha -1 of nitrogen as urea was applied as coverage fertilization.
Seed treatment, pest, disease and weed control, were conducted with products registered for wheat crop (AGROFIT, 2012) . At crop anthesis stage the number of tillers and ground height to the base of the ear were evaluated. When the grains have reached the mature stage, hand sickles were used to harvest the plants, and meter of plant row was sampled for the assessment of yield components. From the meter of plant row per plot was evaluated the number of ears; the number of spikelets per spike and grain per spikelet; diameter ten stems from mother plants were randomly collected and measured through a digital caliper as well as the thousand grain weight.
From the plants collected, 10 were selected to determine the plants harvest index (HI), where not only grains, but also stems, leaves and plant rachis were placed in a forced ventilation oven at temperature of 65°C for 48 to 72 h. The HI was determined by dividing the grains mass by total above-ground production of biomass (grain weight, dry weight of leaves and stems rachis) according to the following formula:
Harvest was done on March 3 rd and 5 th for Marfim and BRSTangara cultivars, respectively. The yield was determined by the useful production area of each plot, and its moisture corrected to 13% being the value converted into kilograms per hectare.
Data were subjected to analysis of variance by F test and the differences among the averages of spacing were compared by Tukey test at 5% probability (p> 0.05) ( Table 1 ). The plant densities were analyzed by polynomial regression (Banzatto and Kronka, 2006) .
RESULTS AND DISCUSSION
For plant height attributes, in both cultivars there were no significant interactions between spacing and plant densities ( Table 2 ). The plants height is an important feature for wheat crop, once it is directly linked with plant lodging (Pinthus, 1973 ). In the current experiment lodging was not observed on wheat cultivars, as a consequence of mild weather without strong winds and cultivars of medium height, the effects of plant height in the lodging could not be evaluated (Figure 1 ).
The BRS-Tangara height was greater in the paired spacing compared to simple, to Marfim plant height was not affected by the change in spacing and was not affected by the change in plant densities in both cultivars. This result as noted by others authors (Fioreze and Rodrigues, 2014) . Plant height can be affected by plant population and generally higher in larger populations as the interspecific competition caused plants etiolating. However, this response varies by cultivar.
There were no interactions between row spacing and plant density related to tillers numbers in both cultivars (Table 3) . To the Marfim cultivar, the number of tillers was not affected by spacing variation. Although when assessed, the effect of increasing plant density in the tillers production quadratic response was observed, with highest number of tillers in lower densities and a strong decrease in density of 90 plants.mˉ¹ (Table 3) . To the BRS-Tangará cultivar the number of tillers per plant was higher in the paired spacing compared to simple and with an increasing plant density; a decreasing linear response was observed in the number of tillers (Table 3) .
The highest number of tillers in paired spacing can be explained by the greater distance between rows, which represent a reduction of 33% of rows less than the single spacing and the wheat's capability to compensate for the lack of plants in issuing a greater number of tillers. Valerio et al. (2008) in studies with several cultivars and years of growth observed a linear decrease in tiller numbers with an increasing plant density. A reduction of tiller numbers at high densities can be explained due to the severe decrease of photosynthetically active radiation intensity and water competition between plants ( Almeida and Mundstock, 2001; Evers et al., 2006) . According to Valerio et al. (2008) , tillering is related to wheat genotype, therefore generally there is no standard methodology for choosing the most appropriate plant density to cultivars, a fact observed in this current study where the response was different among cultivars. However, it was observed that a reduction in the number of tillers with an increase of plant density, where only BRS-Tangará cultivar was influenced by spacing variation, showing that there is not a direct relationship between spacing variation and seeding density, being the obtained response related to the cultivar used.
Significant interactions between spacing and densities, for both cultivars, were observed for the number of ears per square meter (Table 4) . To the Marfim cultivar at densities of 45, 60 and 75 plants per meter observed lower number of ears per square meter at paired spaced, in relation to simple spaced, and at density of 90 plants per meter results were similar between the spaces. To BRS-Tangará cultivar the number of ears per square meter in paired spacing was lower compared to single spacing in all plant densities (Table 4 ). Regards to sowing density, cultivar Marfim showed a quadratic response for the number of ears per square meter as the density increased in single and paired spacing (Table 4) . For BRS-Tangará cultivar the number of ears per square meter increased linearly with the plant density in both spacing. In an experiment conducted by Zagonel et al. (2002) it was observed that with increasing plant density the number of ears per square meter was also increased. According to the authors, the increase in density is directly related to the larger number of ears per meter, but the production of these ears is dependent on the environmental conditions, which means that not always an increase on the ears number will result in higher yield. In the current study, at paired spacing occurred a lower ears number per square meter compared to single-spaced, because they had 33% less lines and tillering was not enough to fulfill the unseeded rows. For Marfim and BRS-Tangará the differences in the number of ears per square meter between the spacing were 25 and 26% respectively, less at paired spacing when compared to simple. Theoretically wheat should make a difference around 33% of ears per square meter, but once we observed a higher tillering at paired spaced this difference was smaller. Insignificant interactions between spacing and plant densities were detected for the number of spikelet per ear of the Marfim cultivar, being observed at a smaller number of spikelets per ear in single spacing and density of 90 plants per meter (Table 5 ). Regards to plant density variation, the cultivar responded quadratic to single space with a tendency to decrease at higher densities with a maximum point with 61 plants per meter. For impaired space the response decreased linearly (Table 6 ). To BRS-Tangará cultivar there were no differences in the number of grains per spikelet with spacing variation, but on this cultivar the response was linear and decreasing for the number of spikelet per ear with increasing plant density.
Variations in plant density could change the canopy morphology resulting in an increase or a decrease in the number of spikelets. At high plant densities, the number of spikelets per ear may decrease due to competition between wheat plants, though the increase in the number of grains per spikelet can compensate for this factor. According to Zagonel et al. (2002) , when the wheat plants are subjected to variations in plant density there is a tradeoff between yields components, which can have any one of them increase, but tradeoff is related to climate and cultivar. Results obtained by Penckowski et al. (2009) also showed that yield components, including the grain number per ear, tends to compensate itself by climate change, but this compensation also varies by cultivar. For thousand grain weight, yield and harvest index there were no significant interactions between spacing and plant densities for both cultivars. With the change in spacing, the thousand grain weight (TGW) was greater for spacing paired in both cultivars (Table 7) . By increasing plant density, the TGW behavior showed to be decreasing quadratically and linearly in Marfim and BRS-Tangará respectively, with a trend of decreasing TGW as we increased density. For both cultivars the highest TGW was achieved with the density of 45 plants per meter (Table 7) . Some authors stand that under normal weather conditions, the TGW is more affected by the number of grains per area, tending to increase or decrease with decreasing or increasing the number of grains, being behavior dependent on the cultivar (Valério et al., 2008) , these results match with the ones found on the current study, where both cultivars showed a similar behavior to variation in plant density, with reduced TGW increasing density and lower TGW in single spacing, when plants density is higher. For both cultivars lower yield, was observed in paired spacing (Table 7) . Abunyewa (2008) , working with simple and paired spacing on sorghum crop observed different behaviors related to spacing variation depending on environment condition. In the absence of water deficit, grain yield was lower in paired spacing, but with a severe water deficit higher yield was observed in paired spacing compared to simple. In the current study there was no water deficit along the critical crop stages, such as flowering and grain filling, results showing that paired spacing for wheat may not be feasible in same climate the conditions on which the current experiment was carried out, which is without major water deficit.
The yield was not influenced by increase in plant density for both cultivars (Table 8) . Some authors have seen absence on yield change due to plant density variation (Thomason et al., 2009 ), a result that might be related with wheat capability in sprouting, compensating the absence of plants, as well the yield components, which end up maintaining the same yield index (Holen et al., 2001). In this study, a yield component that had a positive influence on maintaining productivity was the thousand grain weight (Tables 6 and 7 ) which was higher in paired spacing and at low plant densities. There were no response for harvest index (HI) with spacing and density variation for both wheat cultivars (Table 8 ). According to Ahmad et al. (2007) , the HI values observed in the current study are between the acceptable levels, which vary between 0,40 to 0,55 for wheat. Lower values mean that the cultivar in conjunction with the management techniques, are not resulting in a maximization of assimilates usage at grain yield.
Conclusions
For wheat cultivars, Marfim and BRS-Tangará increasing plant density reduced the number of tillers, number of spikelets per ears and thousand grain weight, without affecting yield. At paired spaced the number of ears per square meter and productivity were lower compared to single-spaced, even with higher grain weight in both wheat cultivars. The use of paired spacing towards greater yield depends on the crop, cultivar and plant density, but environmental conditions are likely to have substantial effect on this behavior. Due to wheat tillering capacity, all plant densities adjusted to the simple and paired spacing, resulting in no yield difference in the conditions under which the experiment was carried out.
Conflict of Interests
The authors have not declared any conflict of interests.
